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I. INTHODUCTIOH 
A. Historical, 
One of the most important problems confronting the man­
ufacturer of bottled carbonated beverages is the making of a 
product which vTill keep without deterioratirg or spoiling 
over a long period of time. If such a product is to be pre­
pared, either (1) the material entering into its con^josition 
must be sterile and handled aseptically, or (£) conditions 
within the bottle must be such that there vdll be no grov/th 
of micro-organisms which may have been present in any of the 
materials going to make up the finished product, 
She Fellowship established at loim State College by the 
American Bottlers of Carbonated Beverages with the Depart­
ments of Chemistry and Bacteriolog7 cooperating has been 
stidying the spoilage of bottled carbonated beverages with 
the purpose of determining the principal causes of spoilage 
and possible methods for their elimination. Of the 734 sam­
ples of spoiled carbonated beverages examinsd in 1925-26, 
83.^5 were found to contain yeast. In many cases even cas­
ual ejcamination showed flocculent sediments which, when ex­
amined microscopically, were found to consist principally of 
yeast cells. 
In order to determine whether the principal soiarce of 
this yeast ccmtainination was from improper 1^7 cleaned appara­
tus and pipe-lines, from the sugar or other ingredients, or 
from casual contamination from the air, a series of bot­
tling experiments was carried out in the bottling plant 
which was equipped by the American Bottlers of Carbonated 
Beveiages, It was found Ihat a complete sterilization of 
apparatus and pipe-lines did not guarantee a finished pro­
duct which would not spoil. 
As a confirmation of these results, complete series of 
samples includii^ simple sirup, flavored sirup, raw and fil­
tered water, carbonated water, and finished product were 
stifiied from bottling plants which had had yeast trouble. 
In nearly all of these series, if yeast cells were found to 
be present in the finished product, they were also found in 
the simple sirup. Questionnaires were sent to the firms 
which supplied these series of samples. The replies to 
these inflicated that the cold process cf making sirups was 
employed by over of the bottlers. 
In order to study the sugar as a possible source of 
yeast contamination, since these series of samples usually 
showed yeast as absoit from the water althcu^ present in 
the simple sirup, it was desired to have samples of sugar 
which would be representative of the sugar supply of the 
bo-ttling industry. Accordingly, sterile sample "bottles v/ith 
instructions for proper sampling were sent out to 125 repre-
sentatiYe "bottlers in 28 states who had previously expressed 
a willingness to cooperate on this problem. Of the 132 sam­
ples of sugar obtained, 62 (47fj) were found to contain 
yeast.^ Since the prevalent method for preparing sirups is 
"by the cold proeees, conditions are usually suita"ble for the 
survival of these yeasts which may "be present in the sugar 
and their subsequent growth in the finished beverage, Owen^ 
says that the process of refining sugar does not leave the 
sugar sterile and says that there are organisms capable of 
withstarding the temperature of the processes and which sur­
vive in the form of spores. An investigation of the resist­
ance of these spores of the species found in sugar showed 
that they could survive a 3 to 4 hour exposure to streaming 
steam. Owen® also showed that this sugar v/hen inoculated 
into sterile 10^ sirup yields gum-formii^ species of bac­
teria atoost exclusively. When gTOwn in 25^5 sugar solution, 
unequal ntimbers of yeasts and bacteria appear with the lat­
ter predominating. In SOfij sugar solutions, a mixed growth 
1, McKelvey, C, E,, J, Bact, 11, 98 (1926), 
2, Owen, W, L,, Centr, Bakt, Parasitenk., II Abt., Bd, 40, 
247 (1914). 
3, Owen, L., Louisiana Agr, Expt, Sta., Bull. 146, 57, 
May, (1914), 
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of yeasts and "bacteria is also o'btained Taut the yeasts are 
predominating. Ovien makes the following statement vrflth re­
gard to less hi^ly refined sugars—"{i?hat the sugars used in 
these experiments were not abnoimal in respect to their mix­
ed flora of bacteria and yeast appears evident from a direct 
microscopical examination of about 70 samples of different 
qualities of raw sugars, about of which were found to 
contain yeast cells." jDubourg"^ reported a yeast which was 
5 
still active at a concentration of 80% sugar. Ov/en isolat­
ed Saccharomyoes zopfii from heavy sirup and characterized 
this species by (1) its ability to ferment highly concen­
trated sugar solutions and (2) its resistance to heat, 
6 7 McKelvey ^ has shown that yeast cells in the vegetative 
form TOuld die off rather quickly in siri^e of hi^ density 
but this does not hold true for spores. Usually however, 
the sirup is not stored for any great length of time before 
it is diluted to make up the flavored sirup which subse­
quently is diluted again upon being bottled. Thus the yeast 
4. Dubourg, Rev. de Titicult. 1897, p. 467. 
5. Owen, 17. L., Centr. Bakt. Parasitenk. , II Abt., Bd. 39, 
468-82 (1913). 
6. McKelvey, C. E. , The BererafW Journal 61, 58, April, 
(1925). . 
7. McKelvey, C. E., The Beverage Hews 17, 18-19, Pec. (1926), 
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cells or spores which may have been originally present in 
the dry sugar find conditicaas f&vorahle fcr germination and 
growth. 
Q?he examination of samples of spoiled beverages by the 
Fellowship has shmn that the acid of the beverage and the 
carbon diotxide pressure are effective in keeping bacterial 
and mold growths to a minimum or eliminating than entirely. 
As far as these two agents of spoilage are concerned, it is 
usually possible to use enou^ acid or have a great enough 
carbon dioxido content to prevent them from growing withoat 
making the beverage ob^ecticnable because of its sourness or 
high carbonation. Many spoiled, products having a high acid­
ity as well as good carbonatiOQ have been found to contain 
yeasts* It seems improbable that the use of as great quan­
tities of these agents as is feasible, with cat seriously af­
fecting the flavor and taste of the beverage, would elimi-
8 
nate this type of spoilage, Weldin reports that with agar 
media it took a pH range from 2,6 to 3.3 to inhibit growth 
of yeasts v^Siile broth media showed thab a pH range from 2.3 
to 2.7 was necessary to inhibit the growth of these same 
organisms# ^Dhis latter represents the limit of acidity in 
8. I?eldin, J. C., Proc. Io\va Academy Science 37, 95 (1925). 
ft - 10 -
a beverage -vaiich will "be pleasing to taste. Obviously tien, 
some methoa nrast "be found to eliminate these yeast cells and 
spores from the simple sirup unless the bottler wishes to 
resort to the pasteurization of all of his bottled products, 
A oliemical change v&ich takes place in beverages which 
are stored for any length of time is the slow inversion of 
the sucrose by the acid of the beverage. This is One of the 
principal changes which takes place in the agirg cf ginger 
ales—a practice which is said to mellow them. The invert 
sugar iKhich is produced by the deconposition of the sucrose 
is less sweet than the sucrose frcxn which it is formed, dif­
ferent investigators evaluatirg its sweetness at 78 to 95 on 
, . „ , - _ 9(10)11^12 the basis of sucrose as 100, 
!?here seems to be some disagreemeat concerning the 
sweetness of levulose.^S values having been r^orted ranging 
14 from 103 to 150. Spengler and Traegel assign a value of 
108 for its sweetness which is in good agreement with Paul's 
15 
value of 103.3. Bates on the contrary agrees quite close-
9. Deerr, Intern. Sugar J. 24, 481 (1922). 
10. Paul, 2. Untersuch. Nalir. Genuss-mit. 43, 137 (1922). 
11. Sale ana Skinner, Ind. Eng. Ohem, 14, 522 (1922). 
12. Buchanan, J, H, and Beard, P, J., Unpublished data, 
13. Intern. Critical Cables, Vol. 1, 358, (1936). 
14. Spengler and Traegel, *1, 7er. deut. 2uckerind. 77, 1-12 
(1927). , , 
15. Bates, Facts About Sugar 21, 250-1 (1925), 
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ly with Deeir, and Sale and Skinner, on a sweetness value 
near 150 for levulose. These sane workers agree more close­
ly on the sweetness value for dextrose assigning it a sweet­
ness value c£ 50 to 60 on liie same basis, IIo matter which 
values of sweetness are taken, an artificial insrert stigar 
made from equal parts of dextrose and levulose would he less 
sweet than an equivalent quantity of sucrose. This loss of 
sweetness caused by inversion accounts for the change of 
taste of beverages upon loijg storage and is entirely inde­
pendent of the growth of micro-organisms. 
It was thou^t advisable to investigate the practica­
bility of the bottler inverting his simple sirups in the 
process of its sterilization and preparatian. By using an 
inverted sirup there would be an unchanging sweetness and a 
uniform product would result for the rnanufacturer. It also 
might be found that the time of agir^ could be cut dovm or 
possibly eliminated altogether. 
The hydrolysis of sucrose has been a muoh investigated 
subject but, unfortunately, nearly all of the v/ork has been 
done with dilute solutions of sucrose and at low tempera­
tures. The primary object has been to investigate the 
mechanism of the reaction rather than the production of a 
X6 large amount of invert sugar, Caldwell gives rather a 
16. Caldwell, R, J,, Brit, Assoc, Advancement Sci, Sept. 
1906, 267-92. 
- 12 -
complete bibliography up to 1906 on the hydrolysis of su­
crose. 
Spencer^' studied the effect of citric, tartaric, phos­
phoric, and sulfuric acids on the rate of inversion of su­
crose. She gives a reviev; of the literature up to and in­
cluding 1925. Spencer worked with sucrose and acid solu­
tions at the concenbrefcions in which they are found in the 
finished beverage. She concludes that (1) Che hydrogen ion 
concentration does not change appreciably during the course 
of the reaction. (2) In a given soluticsi, increasing the 
concentration of sucrose increases the velocity of the reac­
tion to a anall extent. (3) For tartaric, citric, and phos­
phoric acids, the rate of reaction decreases as the reaction 
proceeds until a point of equilibrium is reached. This 
point of equilibrium depends for a given acid with a defi­
nite concentration of sucrose upon the pH of the solution. 
(4) For a given ,pH and a given concentration of sucrose the 
rate of reaction varies with the kind of acid, being consid­
erably greater for phosphoric acid than for citric or tar­
taric acids, tartaric acid inverts slightly faster than 
17. Spencer, Grace G., M.S. Thesis, Dept. of Chemistry, 
Iowa State College.Library, 1925. Unpublished. 
- 13 ~ 
citric acid but the differeace is scarcely appreciable. 
T;nr,^ m , 19 , 20 , 21, 22 , S3 Lany worfesrs tried to fi.t the hydroly­
sis of sucrose to the general equation for a monomolecular 
reaction by using activities instead of concentrations for 
sugar and hydrogen ion, and assuming that the sucrose mole­
cules were hydrate with five, sis: or more molecules of wa­
ter, Scatchard^^ says that uncertainty as to the activity 
of the H ion in solutions containing sucrose makes incon­
clusive the attempts to determine the mechanism of the in­
version process by fitting the rates of reaction quanti­
tatively with formulae containing these activities. Even 
the difference between the change of liquid junction poten­
tial with flowing and with stationary junction amounts to 
11^ in the hydrogen activil^r between 0 and 700 grams of su­
crose per liter while the change in water activity in this 
range is less than dfo. Obviously the number of mols of wa­
ter that enter into the reaction cannot be accurately deter­
mined. 
18. Pennycuick, S. V7., Am. Ohem. Soc. 48» 6-19 (1926). 
19. 0 or ran and Lewis, J. Am. Cheia. Soc# 44, 1673-84 (1922), 
20. Jones and LlacLewis, J. Chem, Soc. 117, 1120 (1920). 
21. Clark, S. H., J, Am. Chem. Soc. 43, 1759 (1921). 
22. Rosa no ff and Potter, J. Am. Chem. Soc. 35, 245 (1913). 
23. Kolthoff, I. M., Verslag. Akad. 5'etenschappen, Amster­
dam 35, 281-i395 (1926). 
24. Scatchard, George, J, Am. Ohem. Soc, 48, 2034 (1926). 
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Since very few a£ these investigators worked with su­
crose solutions concentrated enough to be called sirups and 
much of the foregoing work was inapplicable because it was 
flone with such a low tenperature that imrersion took place 
only slowly, it was decided to use citric and tartaric acids 
in the concentrations usually presmt in the flavored sirup 
and to use a temperature near to the boiling point of the 
sirup. 
Siebel contends that the original source of yeast con 
tamination is from bottles which have not been adequately 
washed rether than from the sugar. Accordingly it was deem­
ed advisable to investigate the resistance of yeast spores 
when subjected to the action of hot alksdi solutions at tem­
peratures generallj7 recommended for the washing of bottles. 
B.. Statement of Problem. 
The preceding discussion led to the experimaital consid 
eration of the following problem which may be grouped under 
three sub-heads, 
1. Helation of the time of exposure and temperature 
in sterilization of sirups contsraimted with yeast 
spor es. 
25, Siebel, Carbonator and Bottler 44, 56-58, March (1987). 
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2. Eelation of the temperature, concentration of alk­
ali, and period of exposure to the death rate of 
yeast spores* 
3. Bates of hydrolysis at 90°C and 100®C for different 
sirups with varying concentrations of citric and 
tartaric acids* 
II. TKE EEL/iTIOW OF THE TIME OF EXPOSUHE AIUj TEMP-
EBATDKE IH STEEILIZATIOI OF 3 IRUPS OOIi-
TAMINATEK V/ITH YEAST SPOEES 
A* Preparation of Beagents* 
All of the sir-ups used in this series were prepared 
from a highly refined sugar whose normal solution gave a 
reading of 99*9 when polarized in a 200 mm* tuhe on a sae-
cherimeter* The moisture content of this sugar was 0.028^. 
These sirups were made up on the density basis by using the 
proper amount of distilled water to funish the density of 
sirup desired* Three densities of sirtqa were used in this 
series--24° Baume, 20° Baume, and 36® Baume* These are 
equivalent to specific gravities at 20°C/20*^C of 1.1984, 
1*2609, and 1.3303 respectively. 
The spores were prepared from cultures of 28 spore-
forming yeasts which had been isolated from spoiled carbonat-
- 16 -
26 
ed bevorages, A special mediiam of carrot agar was used as 
this was found to be especially suitable for the fonnation 
27 
of spores by yeasts* This carrot oalcium sulfate agar uvas 
prepared by grinding up about four pounds of carrots (saving 
the .juice) and extractiiig the pulp with about two liters of 
boiling distilled water. The total volume of Juice and ex­
traction water v/as tTO liters. This liquid was saturated 
with calcium sulfate and 2;a of agar agar vsas added. This 
was autoclaved at 15 pounds steam pressure for 20 minutes. 
About 60 cubic centimeter quantities cf this medium m.3 
transferred to each of 28 Kolle flasks. These were then rath 
er heavily plugged with cotton and autoclaved for another 20 
minutes. Slants of carrot agar were made in 28 test tubes at 
the same time. After cooling and solidification of the agar 
had taken place, the Kolle flasks were inoculated evenly oyer 
the surface by the use of sterile swabs. One Kolle- flask was 
used each of the 28 cultures of the spore-forming yeasts. 
The slants of carrot agar were also inoculated with the same 
cultures. The Kolle flasks and tubes r/ere incubated for 17 
days vshen numerous spores were demonstrated by making spore 
26. Tumer, W, R., U.S. Thesis, Xiept. of Bacteriology. Iowa 
State College.Library, 19 25. Unpublished. 
27. McKelvey, C, E., J. Bact. 11, 98 (1926). 
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stains of the cixltiires vshich were grown in the tubes. The 
yeast growths on the surface of the Kolle flasks were 
scraped crff by means of a hoe-shaped Monel metal tool viiiieh 
had previously been sterilized in a flame, a?he sorapirgs 
were all mixed togeiaier in a sterile evaporating dish and 
0 dried at 45 0 in a vacuum oven. After drying, the spores 
were ground up in an agate mortar under aseptic conditions 
and screened to pass a 200 mesh sieve. The dry weight of 
the mixture of the E8 jeast spore cultures was 3.9289 g. A 
count of 72,000^000 per gram ms obtained by plating out a 
small portion. Since it isoulfl be rather difficult to get 
approximately uniform suspensions by attempfcing to wel ^ out 
equal quantities c£ this spore mixture with such a high 
count, it was diluted with 9 times its weight of sterile lac­
tose, Lactose was used because very few yeasts can utilize 
it directly and because the lactose wuJd have no toxic ef­
fect on the yeasts as might have been the case if a salt had 
been used instead of the lactose. The spore mixture and lac­
tose wore homogenized by stirring with a spatula and sievii^ 
twice throu^ a 200 mesh sieve, 
B, Method of Procedure, 
The rasthod. of procedure in this series of experiments 
was to measure 100 cubic centimeters of sirup of the density 
- 18 -
desired Into a 3-nected, round-bottomed Pyrez flask of 200 
cubic centimeters opacity. A one-hole cork isas fitted 
with a suitable stirring rod and placed in the middle neck 
of the flask, Che other two necks were pltgged vd.th cotton. 
This fJask was then sterilized in a steam autoclave at 15 
pounds of steam pressure for 20 minutes. After beiaag ster­
ilized, the flask ma immersed in a DeEhotinsky water bath 
^^ich had previously been regilated to the proper tempera­
ture. (The stirring rod was connected to a stirriiag motor 
and set in motion. After allowing it to remain in the bath 
for about 30 minutes, the ocntenfcs of the flask would be at 
the desired temperature. Then one cubic centimeter of a lofo 
suspensicji of the spore mixture was added to the mrm sirup 
by means of a capillary pipette taking care not to contami­
nate the sides of the neck. At stated intervals, 5 cubic 
centimeters of the sirup wouB be withdrawn with a sterile 
pipette and put into 45 cubic centimeters of sterile nalt 
extract broth. Counts were obtained by plating out in dup­
licate one cubic centimeter and 0.1 cubic centimeters of this 
broth using wcrt agar the medium for grorfeh, 
The initial coant was obtained by inoculating 100 cubic 
centimeters of sterile t^ water with the same capillary pi­
pette, After thorou^ shaking to insure an evai distribu­
— 19 •» 
tion, a 5 cubic centimeter portim of this was withdrawn 
and traasfer3?ed to 45 cuTjio centiliters of the malt extract 
•broth. One cubic centimeter and 0.1 cubic centimeter quan­
tities c£ this broth were plated oat, Thus the count on the 
one cubic centimeter plate should represent tlie initial 
count &r one cubic centimeter of the broth wliich had re­
ceived .5 cubic centimeters of sirup» since the same dilu­
tions had been made in both oases. 
The ^ort Agar , dehydrated, isfoich was used in these ex­
periments was pr^ared by the Digestive Ferments Company 
of Detroit, Michigan aiod has the followine compositiai; 
Maltose, Technical, Difco 12,75 
Halt Extract, Difco 15,00 
Dextrin, Difco 2,75 
Glycerin, C.P, 2,35 
Di-Potassiurn Phosphate, C.P 1.00 
Anmonium Chloride, C.P. 1,00 
Bacto. Peptone 0,78 
Bacto Agar 15,00 
50,63 grams of this, dehydrated nBterial are supposed to be 
dissolved in 1000 cubic centimeters of distilled water and 
autoclaved at 15 pounds of steam pressure for 20 minutes, 
The final pE is given as 4,65. This wort agar was modified 
by the addition of 5 grama more of agar agar per liter of 
- 20 -
media. Che s&me media may be prepared by using 30 grams of 
I) if CO Malt Extract Broth, dehydrated, with 20 grams of agar 
agar and one gram each of di-potass itim phosphate and ammoo-
ium chloride per liter of distilled water. 
ffhe composition of the malt extract broth was the same 
as this latter method of preparing the wort agar with the 
exception that the 20 grams of agar agar were eliminated. 
Counts were made at the end of 48 hours after incubat­
ing the plates at a temperature of-25 to 28®C. Smears were 
prepared and examined from the colonies on the plates when 
the survivors numbered a dozen or less per plate. This was 
to insure that contamination had not occurred and that the 
survivors were actually yeasts. The flasks of broth were 
incubated for 4 days and observed at the end of 2, 3, and 4 
days for turbidity end sediment. This was designed to serve 
as a check on the plating process. The sediment from the 
last ttirbid flask in a aeries was always examined to deter­
mine whether or not the turbidity was due to yeasts. 
Owen^® in speaking of effective temperature for cane 
sirup sterilization states that this t®npmature varies in-
28. Owen, V/. L., U. S. Dept. of Agr., Bull. 1370, 59, Oct., 
(1925). 
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versGly with the volume of the cans in which the sirup is 
o 0 
canned. He gives temperatures varying from 71 C to 81 C for 
number 10 to 1-|- cans "but gives no Mnt as to the time req^uir-
ed in the heating of the sirup to this temperature nor to the 
29 time required for coolirg. Owen sa^s in regard to the re­
sistance to heat of Saocharomyces aopfii that, instead of a 
67*^0 thermal death point, he Ibund that a temperature of 90°C 
for 10 minutes was nob sufficient to kill this yeast. He 
further adds that, -s^iile the resistance of the yeast to high 
teiE^eratures does not vary directly with the density of the 
solution in which it is growi, it does seem to retain its po-
7/er of fomentation more persistently wlien subjected to such 
temperatures when grown in thick sirup than wlien grom in 
more dilute solutions. 
McKelvey^ states that, in general, the higher the con­
centration of sugar the longer was the time required to kill 
the yeast spores under examination. At 70°C he gives times 
ranging from 2 to 5 minutes as "beiiix? necessary to kill the 
yeast spores in sugar sirujs whose densities varied from 24*^ 
to 36° Baume. 
C. Experimental Results and Piscussicn. 
29. Owen, W. L., Centr. Bakt. Parasitenk., II Abt., Bd. 39, 
468-82 (1913). 
30. McKelvey, C. E., J. Bact. 11, 98 (1926). 
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Taking McKelve3^!s work as a basis, runs were made at 
70°C but it was found that on hour \7as not lorg enough to 
sterilize either distilled vjater, or li^ht sirups, or heavy 
sirups which had been inoculated with a suspenaicn of dried 
yeast spores* About one-third to cne-half of the number of 
spcofes originally inoculated had disappeared at the end of 
on hour but after the first four minutes there was little 
reduction in count. 
As the sterilization of sirups apparently was not being 
effected at 70°C, the temperature was raised to 100°C. Re­
sults typical of the several runs are shown in Sable I, It 
will be noticed tlBt the higher the concentration of sugar 
in the sirups, the longer was the time retjiired to kill the 
yeast ^ores which had been inoculated. As samples were 
removed in 5 cubic centimeter quantities, counts are given 
in terms of this 5 cubic centimeter unit • 
TAB322 I. 
Temperature 1G0°C. 
Initial confcaminat ion—56.000 per S cc. of sirup. 
; ; Time ^required to kill 
;Density of sirup ; 99«9^a of yeast spores. 
Distilled water 2-4 minutes 
24*^ Baume sirup 6 minutes 
0 30 Baume sirup 8-10 minutes 
36® Baume sirup 28 minutes 
£g -
Detailed data are given in Table II for the death rate 
of the yeast spores in the Batuae sirup. Prom these da­
ta the curves on Plate I were constructed, 
TABLE II. 
0 Semperature 100 C. 
36^ Bauiae sucrose siru-p. (S-p. Gr^ at 20C/a00 * 1.55031. 
Time of ;Counts per:counts per:Average iAverage ^a:Log of fr 
exposure;5 co« unit:5 cc« unit:ooTint per :survivors:survivors 
in min- :of sijrup—:of Birt?>—:5 cc, unit: : 
utes : run A ; ran B ;of sirup : ; 
0 28^500 43,000 35,750 100.0 2.000 
2 11,250 9.250 10,250 28.65 1.457 
4 7,900 7,750 7,825 21.9 1.341 
6 5,900 6,100 6,000 16.8 1.225 
8 3,750 3,750 3,750 10.5 1.020 
10 2^500 2,250 2,375 6.65 0.822 
20 250 250 250 0.7 i.846 
30 0 0 0 0 
The sudden decrease in the first two minutes is probably 
explained by -the death of the weakest cells. After the weak 
cells have been killed, the death rate is mors or less regu­
lar for the rest of the experiment. Extrapolation at the 
same rate of death between 20 and SO minutes as was shown be­
tween 10 and 20 minutes shows 28 minutes as the time for the 
Plater  
: 
:|T:q;;p:|r':|v 
'^J.-C-rrrZi 
.,:H 
ir 
time in ntinntes 
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killing of 99.9^ of the yeast spores. 
5?he time of killing may be a function of the amount of 
moisture as well as the temperature, These yeast spores ap­
parently cannot absorb as much water from a 35° Baume sirup 
(nearly a saturated SUCID se solution at room temperature) as 
from the lighter siri;5)s or distilled water, This assumption 
explains the fact that the drier spores in the heavy sirtqps 
are more resistant to the influence of high temperatures tban 
are the more moist spores of the lighter sirups, 
Attemptizjg to es^lain the differences between McKelvey's 
results and these data, experiments using his technique were 
run simultaneously with those using the technique which has 
been described in detail. It was found that in order to pre­
vent the growth of some bacteria which had contaminated his 
yeast spore mixture he had modified the wort agar previously 
described by the addition of 1,5 cubic centimeters of a sat­
urated citric acid solution per liter of media, This gave a 
final pE of 4,0 or less. Before being exposed to high temp­
eratures, practically the same coiints could be obtained by 
plating out a suspension of spores on both media although 
the yeasts grew much more slowly on McKelvey*s modified med­
ia, After being exposed to the effect of high temperatures, 
the spores would not grow on McKelvey*s modified media. 
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^liese results were checlEed several times and after exposure 
to a temperature of 100°C no growth wag obtained on 
MeKelvey's media while the wort agar previously deserihed 
gave counts which decreased directly with the time of ezpos-
ure. 
In order to reduce the time of sterilization for heavy 
airijps, a small amount of acid was added to the 36® Baume si 
rup. One cubic centimeter of a 7,074 N solution of citric 
acid (equivalent to the bottler*s one ounce of 50fo citric ac 
id solution per gallon of sirup) was added per 100 cubic 
centimeters of sir 155. At 100°C no growth was obtained after 
2 minutes exposure to this tempecature. Shis is in contrast 
with the 28 minutes required to sterilize the same sirup 
without acid# 
P. Oonolusions. 
1» Modification of wcrt agar "by the addition of 1.5 
ciflbio centimeters of saturated citric acid solution per lit­
er of nKdia is not advisable since yeast spores which have 
he en exposed to high temperatures do not develop readily up­
on it» 
2. The greater tls concentration of sugar in the siri^), 
the longer was the time required to kill the yeast spores. 
3. Addition of acid to a sirt?> materially reduces the 
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time required to kill the yeast spores at any definite temp­
erature. 
4. A temperature of lOO^C for 2e minutes is sueficient 
to sterilize. In actual practice, the sterilization nisy be 
effected hy bringing the siri^) to a boil and boiling for 5 
minutes. 
Ill, THE RELA^JION OP 2HE !]?El®SHJ!i3lUHE, COHGBHTHASIOU 
OP ALMLI, AED PERI 0]) OP EXPOSm^E TO 5EE 
DEATH HATE OP TE/iST SPOHES 
A, Preparation of Reagents» 
The preparation of the dried yeast spores was described 
in the section preceding this. 
The solutions of allsalles used were sodium hydroxide so­
lutions ^d solutions of a commercial alkali consisting of a 
mixture of sodium hydroxide and sodium carbonate which will 
be designated as Alkali A. 
The sodium hydroKide solutions were freed of their carb­
onate content by being made up in a 50^^ stock solution at the 
first. Sodium carbonate is practically insoluble in this con­
centration of sodium hydroxide# After cooling, the solution 
was filtered through a Gooch crucible using a pad of asbestos 
which had previously been prepared according to the Munson-
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l?alker mefchoa for gravimetric sugar determinations. Shis 
filtered sodium hydroside solution was thei diluted with 
freshly boiled distilled water until its titration value 
showed it to be at the concenttation which was desired, 
Th6 solutions of Alkali A were made up from a stock so­
lution of approzUnately 5fo strength. 2he titration value of 
this was determined and the jaroper dilutions were made with 
carbon dioxide-free water. 
Table III shows the titration values of both the sodium 
hydroxide and AUjali A solutions, titrations were made with 
0.S519 H HCl using phenolphthalein and methyl orange as in­
dicators. 
TABIB III. 
Titration Values of Al&ali Solutions. 
Solution :Titration Talues;^ Alfeali ;g. HagCOgtg. HaOH per 
too. .2519 IJ HCl :calculated;per l6o : 100 cc. 
•a 5 cc. alkali ;a3 HaOH : cc. : 
; £.£.* ; ; : 
ifo UaOH 4.95 5.00 
IteOH 9.90 10.00 
laOH 14.70 14.89 
4:fo mOE 19.65 19.90 
1^ AlkaliA 3.45 4.96 
Alkali A 6.88 9 .91 
3^ Alkali A 10.37 14*80 
4fo AlkaliA 14.10 19*93 
*P.P. s phenolphthalein used as indicator. 
*M.O. = methyl orange used as indicator. 
1.01 0.027 0.989 
2.01 0.053 1.975 
S.OO O.lOl 2.924 
4.01 0.134 3.909 
0.999 0.806 0.391 
1.997 1.621 0.776 
2.98S a. 366 1.197 
4.018 3*113 1.667 
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B, Method of Procedure, 
Essentially the same method of procedure was followed in 
this series of experiment;s as in the sterilijaation of sirups. 
One hundred cuhio centimeters of alkali solution were suhsti~ 
tuted for the sirx^), Porty-five cuhic centimeters of a 
sterile acid solution were substituted for the 45 cubic cent­
imeters of a malt extract broth. Each flaslc of this acid so­
lution contained a drop of methyl orange solution and just 
enough acid to neutralize 6 cubic centimeters of the aUsali 
which it was to receive. If the indicator showed that the 
end-point had not been reached after the addition of the 5 
cubic centimeters of alkali solution, the end-point was ad­
justed with a sterile 1% sodium hydroxide solution. One cub­
ic centimeter quantities from these flasks were plated out in 
duplicate using the wort agar described in the previous sec­
tion. The initial count was obtained in the same manner and 
the same precautions were taken to insure that the colonies 
on the plates (when only a few were left) were yeasts. 
implicate runs were made at temperatujres of 50®0, 60^0 
and 70°C. At 50°0, 2^, Sp and 4^ solutions of both Alkali A 
and H&OH were used. At 60®C» 2,^, Sffo and 4/o solutions of 
Alkali A and ifo, 2^ and 0^ solutions of sodium hydroxide 
were used. At 70°C, I'fb and Sffo solutions of Alkali A and a 
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l$ii solution of HaOH were usefi, J>istillea water wag also mn 
for oompsrison, 
C, Experimental Results and Discussion. 
Table lY gives the time in minutes required to Mil 99.9^^ 
of the yeast spores when e::^osed to the action of the differ­
ent alkali solutions at 50®C, 60°C and 70*^0. It will be not­
iced that the time required to Mil 99«95o of the yeast spores 
may be reduced either by increasing the concentaration of the 
alkali or by increasing the temperature, it is also ^parent 
tlat it ta]59S somewhat less than twice the concentration of 
Alkali A to be as effective at any given temperature as it 
does of the sodium hydiD side solution. In other words, the 
germicidal efficiency of the sodium carbonate content is less 
than that of an e(iuivalent amount of sodium hydroxide. [i3ie 
germicidal efficiency of a sodium carbonate and sodium hydrox­
ide mixture however is greater than can be accounted for by 
its sodium hydroxide content above. 
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IcABLi: IV. 
Alkali Solirfcion S^npeirature (Hime in minutes re-
00 quired to kill 99. 
of yeast spores 
NaOH 50 14 
HaOH 50 9,5 
IlaOH SO , 3,5 
Sifo 
Sf fa  
4f. 
Alkali A 50 more than 25 
Alkali A 50 19 
Alkali A 50 10 
NaoH 60 9 
HaOH 60 3*5 
la OH $0 2 % 
3§ 
Alkali A 60 7 
Alkali A 60 4.5 
4^ 
4 
Alkali A 60 3 
HaOH 70 less than 2 
li Alkali A 70 less than 2 
A/D Alkali A 70 less than 2 
Plate II at 50®C and Plate III at 60°C show the rates 
at which the yeast spores are killed off. Prom litese ourres 
the per cent of surviving j^ast spores in any of the alkali 
solutions after different periods of time may be calculated, 
fhe large initial drop in the count during the first two min­
utes which was ecmmraited upon in Plate I is again quite ap­
parent in Plate II although not so noticeable in Plate III. 
The rate of killing of yeast spores in distilled water 
at 70°C was determined for the sake of comparison with those 
of the alkali solutions. Table 7 shows the per cent of sur-
PlateJU. 
t'lmt in \ minutes 
•H 2-1 -p-' t> » C» {» t* 7- •; • "j-H •*! «» •» i> : «o N ~fc *r 
L05. % Survtv inj  Yeast Sjjores » 
-y • 
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viTing yeast apores after aifferent lengths of time. It 
shows 46.^ of the ^ores to be surviving at the end of 30 
minutes exposure to a temperature of VO®C in distilled wa­
ter. This agrees with the results mentioned under tie ster­
ilization of sirups where it was found that one-third to one-
fourth of the number of yeast spores originally present were 
alive at the end of an e:?>osure in distilled water for 60 
minutes at 70®0* The slight fluctuation in the per cent of 
survivors nay be accounted for by the breaking up of clumps 
of yeast spores into snaller clumps or individual ceils when 
subjected to a soaking combined with ccmstant stirring. 
TABLE Y* 
Time of Ex^josure 
in minutes 
fij Yeast spores sur­
viving at 70 C in 
distilled water 
0 100.0 
5 50.5 
10 47.3 
15 45.6 
20 41.A 
25 49.5 
30 46.2 
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D. Conclusions. 
1, The time required for Mlling 99.9^i of the yeast 
spores may be reduced either (a) by increasing the cmcen-
tration of the allcali or (b) by raising the temperature* 
2, Sodium hydroxide at a given concentration and temper­
ature has a greater germicidal efficiency than a chemically 
equivalent solution of a mixture of sodium hydroxide and carb­
onate at the same tempemture. 
0 3, Exposure to a temperature of 70 C in distilled water 
for an hour is not sufficient to kill dried yeast spores, 
4, The gemicidal efficiency of a sodium carbonate-hy-
drcccide mixture is greater than oan be accounted for by the 
sodium hydroxide content alone* 
5, There is little likelihood of bottles being the source 
of yeast contamination If a Sfp sodium hydroxide or SjS Alkali A 
solution is used at a temjerature of 60®C ^Jith aporiod of 
contact amounting to 5 minutes. 
IV. THIS SySHOIYSIS OF SUCROSE SIRUPS 
A. Preparation of Heagents and Aj^aratuB. 
The sucrose used in this series of experiments was a 
highly refined grade of sugar with a moisture content of 
0.028fo. A solution of S6 grams of this sugar, when made up 
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to 100 cubic centimeters volume v/ith distilled water, gave a 
reading of 99,9 on tbe saccharineter (200 mm, tube). 
The citric and tartaric acids used were of the C,P, 
grade. IIo further purification isas made, A 7.074 normal 
citric acid solution and a 6*653 normal tartaarfLc acid solu­
tion were made up and used since the addition of one cubic 
centimeter of these acid solutions to 100 cubic centimeters 
of sirup would maintain the same ratio of acid to sugar as 
the manufacturer of carbonated beverages uses in preparing 
his flavored sirups—{one ounce of 50^ citric or tartaric ac­
id solution per gallon of sirn.p)« 
A small constant tsnperature oil-bath was made from a 
hot-plate, asbestos boards, a six quart aluminum pan, and a 
DelOiotinsky bimetallic electric thermo-regulator. A fluctu-* 
0 
ation frcsQ the temperatures desired of ±0.S G was observed as 
the mastiLmum divergence. More frequently the temperature vjas 
maintained with a fluctuation of ±0.1*^0 or less. 
B. Method of Procedure. 
Sirups wore prepared by weighing the proper amount of 
sigar required for the particular sirup desired, transferring 
this to a calibrated volumetric flask aad making up to volume 
at 20°C with distilled xvater. Heat was required for the com­
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plete solution of tlie sugar In the more concentrated sirups. 
Two hundred cubic centimeters of siri?) V7ere tr,aasferred 
to a 3-necked, 400 cc* round bottcsned Pyrex flask which, was 
fitted with a motor stirring device through the middle neck» 
One of the other necks was fitted with a thermometer and cork, 
while the other neck was closed with a cork. The flask was 
inmersed in the bath Tin til it iad reached the deal red temper­
ature* Then the acid was added with a pipette through the 
third neck of the flask. The motor stirrer functioned con­
tinuously throu^out each experimait. At stated intervals, a 
quantity of sirup was withdrawn from the reaction flask and 
transferred to calibrated 50 cubic centimeter volumetric 
flasks which contained enough sodium hydroxide solution, to 
neutralize the acid which was contained in the sirup. The 
transfer pipette was rinsed each time wi13i distilled water 
into the volumetric flask in order to eliminate the factor of 
vaa^'ing amounts of drainage due to different der^ities of si-
ri5)S. The transfer pipette which was used in all of the hy­
drolysis e:^eriments was fbund to contain 9.933 cubic centi­
meters of li(iuid when calibrated at 100°C. 
The 50 cubic centimeter flasks, which contained suffic-
ioat sodium hydroxide solution to neutralize the acid, were 
placed in a pan of cracked ice so that the temperature might 
S5 -
suddenly be reduced to further aid in stopping inversion. 
She contents of the flaeka were made up to volume at 20°C and 
polarized in a 200 era, tube using a Schmidt and Eaensch sin-
gle~i?edge ^oeharimeter, !i!he sacoharlmeter tube was a jack­
eted one, fitted with a thermometer so that the temperature 
of the solution under examination Tvas knosm at all times. 
All saGcharimeter readings were made at SO*^C, The initial 
reading was obtained by withdrawing soae sirup whidi had been 
brought up to temperature in a separate container in the satm 
oil bath, 5his was ta^nsferred to a 50 cubic centimeter vol­
umetric flask to which had previously been added equivalent 
quantities of sodium hydroaide and citric or tartaric acid in 
amounts corresponding with the other flasks of the experi­
ment. ^his was to compensate for any effect which the sodium 
citrate or tartrate mi^t have on the polarization. 
C. Experimental Hesults and Discussion. 
Dhe results of the experiments are given in the follow­
ing tables numbers VI to XVil inclusive. Values of k were 
obtained by the use of equations based on Guldberg and 
Waage's law of mass action i/ifliich states that the reaction ve­
locity, or rate of change of concentration, must be propor-
2!1, Bowe, L, E,, J. Phys, Chemi 31, 297 (1927). 
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tional to the concontration of each of the reacting Bub-
statices. The reaction liSiidi takes place upon the hydrolysis 
of sucrose is the fbrmation of one molecule of dextrose and 
one molecule of levulose for each molecule of sucrose decom­
posed, The e<imtion 
^12^2S°11 + ® ^6%2°6 ^6^12^6 
sucrose dertrose levulose 
empirically expresses the ohange which occurs. It will he 
seen that a molecule of ?\'ater enters into the reaction for 
oach mol€jciilo of sucrose decoiriposed, The reaction Telocity 
then « ECg,C^ where Gg is the concentration aS the sucrose 
and is the cczicentration of water. Since the molecular 
weight of water is so small compared to that of the suoiose, 
the assumption is usually made that the concentration of m* 
ter is constant {at least for dilute solutions), !?hus KG^ * 
k and the reaction velocity « kCg* 
Rates are usually esqpressed by differential equations 
so, if X represents the amount of sucrose transformed during 
time t where a is -fce original amount of sucrose, this may 
be expressed by the equation dx/dt * k(a«»x:), The concentra­
tion of sucrose at any instant is represented by (a-x) for 
if t " O.then x •" 0, A more useful form of this equation is 
obtained by integration. This yields •&6 equation 
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Tsfer" 
If Briggsian logarithins are to tie used, this becomes 
. S.3026 a fe r- los 
Yexy olOBe agreement in the values of k at different times 
throughout the course of the reaction is not to be expected 
since the simplifying assung>tion, that the water, does not ap­
preciably Change in concentration, is in error when the equa­
tion is applied to concentrated solutions, 
Che per cent of sucrose remaining unchanged at time t 
was calculated as follows: 
sucrose « reading at time t-».^final reading, 
total change in reading ^ * 
When numerical values of the saccharimeter readings at any 
time are substituted in the above equation, it yields a val­
ue for (a-x) or the per cent sucrose remaining unchanged, 
a?he initial concentration of sucrose, a, may be used by talc­
ing 100 as its numerical value, 5?he e.quation for calculat­
ing k then becomes; 
jj. g (2,000 - log $ sucrose). 
Table VI for the hydrolysis of 900 grams of sucrose per 
liter at lOO'^O by citric acid in the concentration stated is 
given below. Samples of the calculations of k aiid the per 
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eenfc of sucrose remaining asre given below» 
SABIxE VI. 
Hydrolysis atj 100°C, 
900 g. sucrose per liter, 1 ec. 7.074 H citric acid per 
100 00* siruTo^ 
y.r\a> f\-P • Tr S'lask '.Sinje of 
number;hydroly-
;sis in 
'.minutes 
:Saocha-
trimeter 
;readings 
• 
;';j Sucrose 
•.remaining 
« 
• 
• « 
:Log of ^3 
:Bucro se 
tremainin 
• 
• 
k 
f 
• 0* • t?* 
• 
4 
k' 
0 0 67.3 100 2.0000 
1 2 42.5 71.9 1.8567 0.1650 0.1650 
2 4 23.3 50.1 1.6998 0.17S8 0.1806 
3 6 8.05 32.8 1.5159 0.1858 0.2117 
4 8 -2.1 21,3 1,3284 0.1933 0.2159 
5 10 -8.1 14.5 1.1614 0.1931 0.1923 
6 13 -14.3 7.48 0.8739 0.1995 0.22O7 
7 16 -17.9 3.40 0.5315 0.2113 0.2628 
8 19 -19,0 2.16 0.3345 0.2018 0.1512 
9 22 -19.98 1.04 0.0170 0.2075 0.1828 
10 26 -20.9 0 
11 30 -20.9 0 ... *m mm wm 
Ave, k = Ave. k' 
0.1922 0.1981 
Sp. Gr. at 20°C/20°C = 1 .3343. 
Calculations of per cent sucrce© remaining and k are 
given for the 8 minute interval. 
sucrose - (llolli ^ * MtI ^ " 21.3^^. 
k = (2.0000 - log 21.3t = (2.0000 - 1.3284) = 
0.1933. 
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TiVSLE YII. 
Hydrolysis at 100^C. 
800 g. sucrose per liter. 1 cc, 7.074 N citric acid per 
. •• 100 oc. sirup. 
Plask :5ime of ; 
number;hyd roly-; 
:sis in ; 
:minut es : 
Saocharime- j 
ter readings: 
« 
• 
• 
• 
Sucrose;Log of % su-
remaining:orose remain-
: ing 
• 
• 
: k 
« 
« 
• 
• 
* 
• 
0 0 59.56 100.0 2.0000 — 
1 Z 38,5 72.4 1.8597 0.1615 
2 4 24.7 54.3 1.7348 0,1527 
3 6 13.36 39.4 1.5955 0.1552 
4 , 8 2.8 25.5 1.4082 Q.1703 
5 10; -3.97 16.7 1.2227 0.1790 
& 13 -10.0 8.79 0.9440 0.1870 
7 16' -13.1 4.72 0.6739 0.1908 
8 20 -14.9 2.36 0.3729 0.1873 
9 25 -16.56 0.18 1.2553 0.2528 
10 30 -16.7 0.0 
• Sp, Gr . 20°C/20°C = 1.2982. 
mm 
Ave. k 
.1818 
Values of k (in parenthesis) were not used in the 
evaluation of average k in any of the tables. 
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TABLE VIII. 
Hydrolysis at 100°G. 
700 s. sucr ose per lit er, 1 oc, 7.074 
100 
H citric acid 
cc, sirup. 
per 
Flask :!Pinie of: 
number;hydroly-
:sis In 
:minutes 
:Saechariine-. :% Sucrose; 
:ter readings:remaining; 
« « • « « < 
• • • ^ • t 
Iios of su­
crose remain­
ing 
k 
0- 0 53.6 100,0 2.0000 
1 5 21.1 52,2 1.7177 (o.isoo) 
2 10 -1.3 19.4 1.2878 0.1678 
3 15 -9,3 7.57 0.8791 0,1721 
4 20 -12.9 2,28 0.3579 0.1890 
5 25 -13.65 1.17 0.0662 0,1780 
6 30 -14.1 0.51 1.7076 0.1760 
7 35 -14.4 0.07 2.8451 0.2076 
8 40 -14.45 0 — -
9 45 -14,45 
Ave. k -
.1817 
Sp. Gr. E0°C/20°C = 1.2653 
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'JABLB IX. 
Hydrolysis at 100°C. 
600 g. sucrose per liter. 1 cc. 7X)74 H 
100 cc. 
citric acid per 
Flask 
nmaber 
:Time of ;Sacoharime- ; 
:hyaroly-;ter readings; 
;3is in ; : 
;minutes ; : 
Sucrose;Log of % su-
remalning:crose remain-
: ing 
• 
: k 
0 0 44.1 100.0 2.0000 
1 2 27,4 71.0 1,8613 0.1712 
2 4 13.7 47.4 1.6758 0.1866 
3 6 3.9 30.4 1,4829 0.1984 
4 8 -2.25 19.8 1,2967 0.2024 
5 10 -6«6 12.3 1.0899 0.2096 
6 13 -10.0 6.4 0.8062 0.2115 
7 16 -12.0 2,94 0.4683 0.2204 
8 19 -12.9 1.38 0.1399 0.2254 
9 22 -13.15 0.95 1.9777 0.2117 
10 26 -13.6 0.17 i.2305 0,2452 
11 30 -13.7 0.0 
Ave. k ~ 
0.2082 
Sp, Gr. at 20°C/20°C « 1.2264 
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TABLE X. 
Hyflrolysis at 100*^0, 
400 g» sucrose per liter, 1 cc, 7.074 II oitric acid per 
100 eo. sirup. 
iUask ;Tinie of :Saccharime- Sucrose;log of ^ su- ; k 
numberjhydroly-':ter readings:remaining;cross remain-; 
;Bis in : ; ; ing ; 
:minutes : • « « • • « 
0 0 30.2 100.0 2.0000 mm mmm 
1 5 6,4 39.3 1.5944 0.1872 
8 10 —4.0 12.77 1.1062 0.2058 
s 15 -7.2 4.60 0.6628 0.2053 
4 20 -8.5 1.28 0.1072 0.2179 
5 25 -8,6 1.02 0.0086 0.1834 
6 30 -8.95 0.13 1.1139 0.2215 
7 35 -8.95 0.13 1.1139 0.1899 
8 40 -8,95 0.13 1.1139 0.1661 
9 45 ^9.00 0.0 
Ave. k 
0.1971 
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TABLE II. 
Hydrolysis at 100°C. 
800 g» sucrose per liter. 2 cc. 7.074 U citric acid per 
' 100 cc. sirup. 
Plask ;Time of ;Saechaxime- Sucrose;Log of % su~ : k 
nnsiberiliydroly-ster readings;remaining; crose remain-; 
;3is in ; : : ing ; 
:minutes : : : ; 
0 0 58.8 100.0 2.0000 
1 2 26.7 
/ 
58.3 1,7657 0.2698 
2 4 4.7 29.7 1.4728 0.3035 
3 6 -6.9 14.6 1.1644 0.3207 
4 8 -12,9 6.77 0.8366 0.3365 
5 10 -15.6 3.25 0.5119 0.3426 
6 13 -17.6 0.65 1,8129 0.3077 
7 16 -18.1 0.0 
8 20 -18.1 M* *»««• 
Ave. k ® 
0.3135 
Sp. Gr. at 20°C/20°C = 1.3022 
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TABIS XII. 
Hj^drolysis at lOO^C. 
800 g. sucrose per liter, 1 cc. 6.553 tartaric acid per 
100 ee. sirup, 
Flask tTime of : 
number: lij7droly-: 
:sis in : 
•.minutes : 
Saccharime- : 
ter readings: 
• 
• 
• 
$> Sucrose:Log of su-
remaining:cross roiaain-
ins 
• 
* 
i: 
0 0 60.5 100.0 2.0000 
1 8 35,0 67.2 1.8274 0.2068 
2 4 13,1 38.7 1.5877 0,2375 
3 6 0,9 22,8 1.3579 0.2464 
4 8 -7,1 12,47 1.0959 0*2602 
5 10 -11.3 7,02 0.8463 0,2657 
6 13 -14,6 2,86 0,4564 0,2734 
7 16 -15.9 1.04 0.0170 Q.2854 
8 SO -16.7 0,0 
9 25 -16.7 0,0 
Ave, k ® 
0.2536 
Sp, Gr , at 20°C/20° G = 1,2992 
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TABIE XIII. 
gydrolyeis at 100®C, 
800 g. sucrose per liter, 2 oc. 6.553 H tartaric acid per 
100 cc. sirup* 
Flask t^ime of :Saccharime"^ Sucrose:Log of % su- : 
niaa'ber:h,ydroly~:ter readingsiremainingjcrose remain-; 
:sis in : : j ing : 
:minutes : : : 
0 0 59.8 100.0 2.0000 
1 s 20,4 48.8 1.6884 0.3588 
E 4 -2.3 19.5 1.2900 0,4087 
3  6 -11.7 7.27 0.8615 0,4369 
4 8 -15.4 2,47 0.3927 0.4626 
5 10 -16.5 1.04 0.0170 0.4566 
6 13 -17.3 0.0 
7 16 -17.3 0.0 
Ave. k " 
0,4247 
Sp, ar. at 20°C/20°C = 1,3005 
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TABLiC XIV. 
Hydrolysis at 20 C, 
800 g. sucrose per liter. 1 co, 7,074 11 citric acid per 
Date :5?ime 4 « 5!in» Of :Sacch-:% Suorose :Log of ^ i; t 
• 
• « hydr oly- :arimQ- I remaining: sucrose '.{X10" 
• • 
* sis in : ter iremain- : 
• 
« 
• 
* days • read- ; ing • t 
t 
* 
* 
• : ings • • 
Feb, 3. 1927 9:19 A.M. 0 60.3 100.0 2.0000 mm M» 
]?e"b. 5 9:54 A.M. 2.03 46.1 81.4 1.9106 7.06 
Feb, 7 3;31 P.M. 4.25 36*0 68.3 1*8344 6.23 
jPeb. 10 10i23 A.M. 7.04 23.25 51.6 1.7126 6.49 
Feb. 13 4; 31 P.M. 10.30 13*0 38.2 1.5821 6.49 
Feb. 17 2;i2 P.M. 14.21 2.7 29.7 1.4728 5.94 
Feb. 25 2:50 P.M. 22.23 *0>2 ' 13.1 1.1173 6.35 
Isar. 4 1:44 P.M. 29.19 -12.4 4.97 0.6964 7.15 
ilar. 17 8; 30 P.Ii. 41.97 -16.1 0.13 1.1139 — 
iviar. 26 3:13 P.M. 51.25 -16.2 0.0 mmtm 
Sp. Gr. at 20°0/20°C = 1.S023 
Ave. k 
6.53 1 
10"5 
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TABLIi XT. 
Eydrolyais at SO^G. 
800 g. sucrose per liter. 2 cc, 7.074 II citric acid per 
Pate !Pime « Tin© of Saccii- Sucrose :Log of •i: 1: f  
:hydroly- aritae-^ remaining :sucrose 
t 
• sis in ter ; reraai n-
« 
« days read­ : ing 
• 
• 
ings * « 
PeU. 3 ,  1927 9:26 A.M. 0 60,3 100.0 2.0000 — 
Feb. 6 9:55 A.M. 2.03 41.4 76.1 1.8814 19.35) 
Feb, 7 3:32 P.M. 4.25 26.0 59.1 1.7716 8.59 
Peto. 10 10:25 A.M. 7.04 13.1 40,3 1.6053 8.91 
Pel), 13 4:33 P.M. 10.3 3.6 28.2 1.4502 8.54 
Peb, 17 2:15 P.M. 14.2 -5.2 17a 1.2330 8.64 
Feb. 25 2:52 P,M. 22.23 -13*3 6.84 0.8351 8.40 
Mar. 4 1:46 P.M. 29.19 -16.5 2.79 0.4456 8.52 
Mar. 17 8:32 A.M. 41.97 -18.7 0.0 — 
Mar. 26 3:15 P.M. 51.25 -18 • 7 
Sp. Gr. at 20°C/20°C « 1.3023 
Ave, k = 
8.60 X 
, 10-S 
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I'ABLiS XVI. 
Hydrolysis at 90®C, 
800 g, sucrose per liter. 1 cc. 7,074 1 citric acid per 
100 CO. sirup. 
Flask ;l'ime of :Saccharime- Sucrose;Log of su-
number;hydroly-:ter readingssremalainstcrose remain-
:ais in : 
tminutes i 
* « 
• • 
* • 
• • 
ing • • 
« 
« 
0 0 59^8 100.0' 2,0000 
1 5 37*7 71.5 1.8543 0.0671 
2 10 20.4 49,2 1.6920 0.0709 
3 16 7»8 33,0 1.5185 0.0738' 
4 20 -0.3 22.76 1.3570 0.0740 
5 25 -6.4 14.7 1.1673 0.0767 
6 30 -10 i 3 9.66 0.9850 0.0779 
7 35 -12*9 6*32 0.8007 0.0789 
8 40 -^14.9 3,74 0.5729 0.0821 
9 50 -16*9 1.16 0.0645 0.0891 
10 60 -17.7 0.13 1,1139 i).1109) 
11 70 -17.8 0.0 
Ave, k ^ 
0.0767 
Sp, Gr. at 20°C/20°C = l,30l2 On = 
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TABLB rvll. 
Hydrolysis at 90°G. 
800 g. suoroae per liter, 1 cc, 6,553 IJ tartaric acid per 
' 100 CQ. glruLT)* 
Plask :3?ime of ; Sacoharime- SixcrosetLog of su- t F" 
nuinber:hyaroly-:ter readings:remaining:orose remain-: 
:sis in : : : ing 
iminuteg : : : j 
0 0 59,9 100.0 2,0000 
1 5 31*3 63.6 1.8035 0.0905 
2 10 11*3 38a 1.5809 0^0965 
3 15 -1.2 22*2 1.3463 0-.1004 
4 20 -8»5 12.85 1.1089 oao26 
5 25 -12^9 7.3 ^ 0.8633 0il047 
6 30 -15.7 3.7 0.5682 0,1099 
7 35 -16.8 2.3 0.3617 0il078 
8 40 -17,6 1.28 0,1072 0.1090 
9 50 -18.6 0.0 —*. ' «• 
10 60 -18.6 0.0 • Mi 
11 70 -18.6 0.0 
Ave. k 3 
0.1027 
Sp. Gr. at 20°C/20°C = 1.3007 
"• 50 *" 
A comparison of the values of k in any of the tables 
will show that, in general, k increases as the reaction pro­
gresses. However, there seems to be little uniformity in the 
increase of value. Plate lY shows the curve obtained by 
plotting the logarithm of the per cent of sucrose remaining 
against tin© from data in Table 71. The broken line is the 
best straight line which can be drawn through these points, 
Prom the position of the points with reference to this line 
it appears that the reaction approaches that of a mono-molecu-
lar one as a limit. The slope of the broken line is equal to 
0.2114 which is the value of k for the ideal mono-molecular 
reaction corresponding to these data. 
If the value of k is calculated from point to point of 
the curve instead of from the initial concentration of su­
crose each time, there seems to be more fluctuation in k. 
Values of k figured in this way are given in the column head­
ed k' in Table VI, k', since it is calculated from point to 
point, is subject to wider fluctuation than the k calculated 
by the usual method since small experimental errors will 
cause a greater change from the average. If the k values are 
alvTays l)ased on the initial concentration, the fluctuations 
will not be as great. 
A probable reason for the increasing value of k as the 
i - i ; : n -
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reaction proceeds is to be found in tlie water content* In 
the siri^ considered in Table VI, there are 900 grams of su­
crose as con5)ared to about 434 grams of water. In terms of 
mols there are 2.62 mols of sucrose and 34.0 mols of water 
originally. After hydrolysis has occurred, since each mole­
cule of sucrose causes the disappearance of one molecule of 
water, there will be a X 100 »j 10.9^ decrease in the 
concentration of water present. This reduction in solvent 
should partially explain, at least, the tendency for the 
rate of reaction to increase as the hydrolysis progresses. 
The concentration of sucrose, in the experiments de­
scribed in Tables VI to Z, v/as varied from 900 grams to 400 
grams of sucrose per liter. Increase in the cmcentretion 
of sucrose from 400 to 600 grams per liter caraes an in­
crease in the TOlue of the average k. For concentrations of 
sucrose between 600 grams and 900 grams per liter, there is 
no regularity to the effect on the rate of reaction caused 
by an increase in the concentration of sucrose. Bo general 
statement can be made concerning the effect of increasing 
the concentration of sucrose upon the rate of reaction. 
In considering the effect of temperature upon the rate 
of a chemical reaction, a constant Q, called the temperature 
coefficient, is generally used as a means of comparison. If 
the rates of reaction and kg for the same reaction at 
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temperatures 10°C apart are Icnovm, the temperature coeffic-
ient is then If it is desired to express the temp-
0 
erature coefficient as (on the basis of k values 10 
apart) but the k •values are n degrees apart, tliis becomes Q 
Using the average k values obtained in Tables VII and XI 
to XVil and calcuJating in the manner indicated, the fol­
lowing values •wore obtained. Ccmparisons were made on solu­
tions which had idential conditions except for differences of 
temperature, 
TABIiE mil, 
IPeirtperature Coefficients, 
Temperature: OTT ;Tables from vThich k 
range : rvalues were obtained 
100° to 90° 2,37 7 and 16 
100° to 90° 2,47 12 and 17 
100° to 30° 3,11 7 and 14 
100° to 30° 3,23 11 and 15 
o
 o
 
to 30° 3.25 15 and 14 
iVhen a temperature range from 30®C to 90° or 100° is 
studied, the value of indicates that the rate of hydroly 
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sis increases over 3 times for every 10 degrees rise in temp-
ues of indicate an Increase of sUghtly less tMn 3,6 
times in the rate of hydrolysis. The values of in Table 
XYIII would indicate that the effect of an increase in temp­
erature upon the rate of hydrolysis is independent of the ac­
id used fcitric or tartaric acids) or the concentration of 
those acids, and that the increase in rate par 10® rise in 
temperature is less between hi|^ temperatures than it is be­
tween two lower t^peratures, From these data values of k 
and tine s for 995a hydrolysis, far intermediate temperatures 
in the ranges studied or for tenperatures not far from this 
range, may be calculated by means of the van't Hoff isochore. 
For example, if k at 110°G was desired, it should be calcu­
lated from values of k at 90° and 100® rather than from val­
ues of k at 30° and 90° or 100®. The van't Hoff isochoie is 
is a parameter since it depends on the temperature but may 
be considered as a constant for a small temperature range. 
it is found to equal 0.4181 for tartaric acid. In other 
erature. 7Jhen the 90® to 100® interval is studied, the vah 
When calculated frcrai the values of k and T for 90® and 100°C 
y^ia found to eq.ual 24,480. IVhen k is calculated for 110°C 
- .54 -
0 
woras, 5.5 minutes at 110 C should "be a sufficient time in 
7;hich to obtain 995^ hydrolysis of an 800 gram per liter su­
crose solution when one cubic centimeter of a 6,553 normal 
tartaric acid solution is added per 100 cubic centimeters 
of sirup. In coji5>arison with this time of 5,5 minutes at 
110° is the time of 15 minutes which is necessary at 100°0 
in order to obtain the same amount of hydrolysis, 
Osaka has shorn that the inversion of sucrose by ac­
ids is incomplete in hi^ concentrations although it may be 
regarded as coii5>lete in dilute solutions. For a siriqp con­
sisting of 800 grams of sucrose per liter of siriqp, he says 
inversion is 98.9^ complete vAi&n using a mineral acid for 
inversion at 25°0. Osalja considers that it is very proba­
ble that in a concentrated solution a reversion of sucrose 
from its hydrolytic products takes place. 3)etermination of 
the amounts of invert sugar in equilibrium mixtures by the 
33 Munson-5?alker gravimetric Pehling*s method before ard af­
ter inversion by the Tucker^ method showed inversion to be 
about 97.5^ complete for sirups originally containing 800 
grams of sucrose per liter. It is not surprising that the 
32. Osaka, Y., J, Coll, Sci, Imp, Univ, Tokyo 25, 1-8 
(1909), 
33. Leach, Pood Inspection and Analysis, 4th edition, 62£ 
(1920), 
34. ibid, p, 642. 
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equilibrium point is not the same as that reported by 
Osaka since he used mineral acids in his inversion process 
while citric and tartaric acids were used in obtaining 
these data. Spencer*'^ reports that, for a given sugar so­
lution, the equilibrium point for the inversion process de­
pends on the H ion concentration and that less than 1005o 
inversion takes place vihen citric and tartaric acids are 
employed. 
Sale and Skinner®® say that complete inversion v®s not 
obtained in a 30° Saume sirup when tartaric acid was used. 
They report an inversion of 96^^ when 0«021^ by weight of 
tartaric acid crystals (99«5^^), based on the weight of su-
^r and water taken, is added to a 30® Baume siri?) which 
was subsequently boiled for 40 minutes. The addition of 
0.013$^ of hydrochloric acid followed by boiling for 20 min­
utes is sufficient to cause practically complete inversion. 
'zrt 
Jordan ' gives directions for the preparation of com­
mercial invert sugar sirups# On a lOOO pound producing 
basis, he advises the use of 750 pounds of sucrose, 260 
pounds of water (about 30 gallons), and 10 ounces of tar-
35. Spencer, Grace G., M.S. Thesis, Dept. of Chemistry, 
Iowa State College .library, 1985. Unpublished. 
36. Sale, J, ?/, and Skinner, W., Ind. Eng* Chem. 14, 
522 (1922). 
37. Jordan, S,, Ind, Eng. Chem. 16, 307-10 (1924), 
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taric or 13 ounces of citric acid crystals. The whole mix­
ture is heated at incipient "boiling for 30 minutes, Jordan 
claims 98^ completeness of inversion for this process. 
Ruehe^® advises the use of 50 grams (ahout 1,76 ounces) 
of tartaric acid crystals with 100 pounds of sucrose and 45 
pounds of water* This should be boiled for 30 to 36 min­
utes. He malses the statement that invert sugar is sweeter 
than the sucrose from which it is prepared and advisee the 
preparation of invert sugar as an econany measure for ice 
cream manufacturers. Heferenoes have previously been cited 
to show that he was in error in his statement regardlag the 
sweetness of invert sugar. 
In the prepsaration of invert sugar sirups the time of 
boiling may be reduced by increasing the concentration of 
acid. If large quantities of the invert sugar sirup are to 
be prepared, steam jacketed kettles are generally used« 
Since it takes ten to fifteen minutes of heating in the av­
erage steam kettle to bring its airiQj contents to thie boil­
ing temperature, much inversion would be acccmplished in 
that time. Then by boiling for 5 minutes, the inversion 
would be cooapleted or equilibrium attained. The boiling 
points of concentrated sirx^s may be as high as 115®C, 
38. Ruehe, H. A., Cream and Milk Plant Monthly 8, Uo. 2, 
45 (1919). 
57 -
Calcxilations made with the aid of the van't Hoff isochore 
for 110°C showed 5,6 minutes as the time for 99/o complete­
ness of inversion. 
In one of the previous sections, data have been given 
which show that sterilisiation of sirups, to v/hich acid has 
been added, will have been effected in less than 5 minutes 
at the boiling temperature. Obviously^ if the production 
of an invert sugar sirtg) is desired, it will also be ster­
ilized simultaneously, 
D, Conclusions. 
1. Simultaneous inversion and. ste;pilination of sucrose si­
rups may be advantageously accomplished by the addition 
of one cnbic centimeter of 7.074 II citrie or 6.553 H 
tartaric acids per ICX) cubi'c centimeter quantities of 
sirup followed by heating the sirup to the boiling point 
and continuing the boiling process for 5 minutes. 
2. Complate inversion is not reached when citric or tartar­
ic acids are used to invert concentrated sucrose sirups. 
An equilibrium occurs when 97 to 98^y of complete in­
version has taken place in concentrated sirups. 
3. The monomoleoular reaction k is not a constant for the 
hydrolysis of sucrose sirups. In general, k increases 
as the hydrolysis progresses. 
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Ho general statemesit can "be made eoncorning the effect 
of increasing the concentration a? sucrose upon the rate 
of reaction for concentrations of sucrose greater than 
600 grams of sucrose per liter# 
She temperature coefficient for a ten degree rise in 
ten^erature is independent of the acid used (citric or 
tartaric acids) or the concentration of those acids. 
The increase in rate of hydrolysis per ten degree rise 
of temperature is less between high temperatures than it 
is between two lov/er temperatures, 
V. SVmAM 
Yeast spores which have been exposed to a high tempera-^ 
ture win not grow on wort agar which has been modified 
by the addition of 1,5 cubic centimeters of saturated 
citric acid solution per liter of media. Prior to expos­
ure to the effect of hi^ temperature j th$y would develop 
on this modified raedia» although not as readily as upon 
unmodified wort agar. 
At any temperiature, the greater the concontration of su­
crose in the sirup, the longer was the time required to 
kill yeast spores* 
At any definite temperature, the time for sterilization 
of sirups inoculated with yeast spores may be materially 
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redtice^ by the addition of acid to the siri^i, 
4» Simultaneous inversion and sterilization of sucrose si-
Tv^Q may be aooomplished by the addition cS. one cubic 
eentimater of 7*074 H citric or 6,553 IJ tartaric acids 
per 100 cubic centimeter quantities of siriQ> followed 
by heating the sirup to ths boiling point and continu­
ing the boiling process for 5 minutes* 
5. Pried 5© ast spores are not Mlled by 30 minutes exposure 
in distilled water to a ten^erature of 70®C. 
6. The time required for sterilization of aliali solutions, 
which have been inoculated with yeast ^ores, may be re­
duced by increasing the concentration of the allcali or 
by raising the temperature. 
7< Sodium hydroxide at a given concent rat ion and tempera­
ture has a greater germicidal efficiency than a chemi­
cally equivalent solution or a mixture of sodium hydrox­
ide and carbonate at the same temperature. The germi­
cidal efficiency of a sodium hydroxide-sodium carbonate 
mixture is greater than can be accounted for by the sod­
ium hydroxide content alone. 
8. There is little likelihood of bottles being the source 
of 2© ast contamination if a 2f« sodium hydroxide or 3^5 
Alkali A solution is used in the bottle washing process 
at a tongjerature of 60°C witli a periocl of contact amount­
ing to 5 minutes. 
9« Complete hydrolysis of sucrose sirups is not obtained "by 
tho use of citric and tartaric acids. An equilibrium oc­
curs when 97 to of complete inversion has talcen 
place in concentrated sucrose siri|)s, 
10. 2ha monoraoleciiLar reaction k is not a coastant fear the 
hydrolysis of sucrose sirups. In general, k increases as 
the hydrolysis ogresses. 
11. For concentrations of sucrose greater than 600 grams per 
liter, no general statement can be made concerning the 
effect of increasing the concentration of sucrose upon 
the rate of' reaction* 
12. The temperature coefficient for a ten degree rise in 
toDperature is independent o£ the acid used {citric or 
tartaric acids) or the concent rati on c£ those acids, She 
increase in reaction rate per ten degree rise of tempera­
ture is less between high temperatures than between two 
lower temperatures. 
